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■(1975) estimate school district expenditure equations using 
cross-sectional data from Massachusetts , Their results indicate a 
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M^b^igan rejects this approach as inadequate apart from an analysis 
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PREFACl^ ' 

' ' }. 

This Note is an outgrowth » of x^ork, reported in Park and Carroll 
(1979), that was funded by the National Iffistitute of Education and ^he 
U.S. Department of Health, Education^ and^ Welfare (now the U.S. Depart- 
ment of Health and Human Services). Here. the authors provide additional 
estimates, and tests of equatiofis* to ekp^ain, school district expenditure 
behavior in the State of Michigan. Th'is additional work was supported 
by the Department of Health' and Human Services. 

The new work leads the/liithors to reject some of their earlier 
estimates but does not change nt fie Overall conclusion: The effect of 
Michigan's guaranteed tax bkse plan on school district expenditures has 
been very small, o ^ * 
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SUMMARY 



Five years of dajia f(^r 451 school districts in. Michigan are pooled 
»to estimate equations explaining school district expenditure behavior 
upon introduction of a guatanteed' tax' base (GTB) ^lan, Kaufman's (1978) 
gpeci-f ication test applied to a contplex random-effects model rejects ^ 
that model, while implicitly rejecting ^cross-sectional estimates as . 
well- Fixed-effects estimates show that the influence of Michigan's . 



C^TB plan on school district expenditure has been^sb small ^%jio be Qf 



no policy significance • 



\ 



ERIC 



-vii^ 



ACKNOWLEDGMENTS 



w|^ppreciate the help of Richard Fernandez ^Jerry Hausman, Lee 
Lillard,^ WillWd Manning, Bruce Wetzel, and participants in a Rand- work 
in-progress ^minar; but we absolve them all of any responsibility* for 



errors , 



% 

% 



/ 



6 



CONTENTS 



PREFACE Ill 

SUMMARY ; / 1 ^ • • • v 

ACKNOWLEDGMENTS .•• vii 

Section 

I. INTRODUCTION. . \ 

II. THE HATA . • ^ ^ 3 

PRICE to School Districts^, .s 3 

Price to the Representative Household 8 

State and Federal Al^d v'*' ^ 

Other Variables . : . . . . — 10 

III . * ESTIMATED EXPENDITURE EQUATIONS • , . . 12 

Random-Effects Estimates 12 

Specification Te*st ^ . . 15 

Fixed-Effects Estimates 19 

Discussion • 21 

r - ) • 
bibliogWhy — ' 23 



1 



45 



r 



ERIC 



A. 

m 



I > INTRODUCTION ^^^^^^^ 



V 



''^chool^districts spend widely disparate amounts of money per pupil. 
The disparities have lecP the. courts arid state legislatures to consider 
reforms in the x^ay schools are f iiianced-^-reforms designed to reduce the 
traditional^ heavy reliance on local property tax revenues and to help 
equalize expenditures per pupil across districts. 

/ One popular idea^or reform :Ls called a "guaranteed tax base" (GTB) 
plan, because the state ip effect guarantees school 'districts a certain 
level of assessed property value per pupil. If the ac:^ual^assessed- value 
in a^ district falls short of the guaranteed level-, ^e state matches 
locally raised revenue to make up the difference. Durin"^ the 1973/74 
school year, for example, Michigaii guaranteed each "district $38 per 
pupil for each milj of tax effort jup to 22 mills. Under the Michigan 
plan, a 'district with $19,000 of assessed value per pupil arid a tax 
rate of 20 mi|ls would raise $380 |p6r pupil locally and would receive 
an additional ^380 per pupij in stjate matching aid.. ^ 

The GTB plan changed the forii| of state aid to school districts in • 
ways that affect the districts" iijcentives to sperid money on education. 
By matching locally raised tax dollars with state aid, the plan effec- 
tively loitered ^e price of expenditures to some school districts.^ In 
theory, we should expect a di>s^rict faced with a lower price to "buy" 
more educational expenditure, f^e effect of any such plan depends on 
tjie magnitude of response's by districts to these incentives. 

In this report, we ^se popled time-series cross-sectional data from 
451 schqol dis^jlbts< gathered oVer a five-year period, to estimate the 
effect of Michigan's GTB plan on expenditures. 

Previous' studies by Feldsfe^in (1975) and Ladd (1975) estimate 
school district expenditure equations using cross-sectional data from 
Massachusetts. Their results indij:ate a fairly large price effect on 
expenditures. Feldstein's^ estimated price elasticities range from ^.9 



to -1.6, and Ladd's between -.5 and -.7. 
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■""Michigan operated some 530 unified districts during this period. 
Districts excluded from the sample were generally smal^, rural dis- 
tricts for which censu.s data were not available. 
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The primary purpose of this\Note is Eo determine v;hether the 
Feldstein and Lad d results hold up in another state v/ith a GTB plan / 
in effect • Our conclusi^ is thdt they do not. In Michigan, we esti- 
mate, price^^lasticities that are so close^to zero >as to be of no prac- 



tical use as a policy tool. 

iSyhy are FeJdstein'S' and Ladd's estimates so much higher than ours? 
Our analysis . suggests a possible econometric explanation for .at least 
part of , the difference. Cro^s-sectional estimates, lijce Feldstein 's 

1 tX^ , 

and Lddd's, are bjfased if the error term is correlated with any of 

the independent variables. There is no way^t;o chedlc for the bias 

using cross-sectional data alone, bui when pooled time-series cross- 

^^^^^^ctional, data are available, Hpusmait's (1978) specif ication* test can 

detiect the problem. Xpplyin*^ Hausman's fest to Michigan data decisively 

( f ■ * ' . 

Pfeorhaps if Feldstein 's and L§dd's' 



rejects cross-sec ticmal estiifiates. 
cross-sectional estimates coul^ be*similai 
jected as well. 



■5> ^ 

isted,* they x^ould be re- 



And like .similar estimates reported in Park and Carroll (1979). 
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II. THE DATA 



Table l lis^s the variables used Iri the analysis. The policy ^^A^ 
variables — those under the control of the school districts, the state, 
or thefederal governinent--are E, PRICE, STBLK, S'TCAT, and FEDC^T. 
We seek to explain school districts' choice of E, operating expendi- 
tu^e per pupil. The natural logarithm of E Is the dependent variable 
in all of our equations. The other, explanatory variables are dis- 
cussed below. • • 

PRICE TO SCHOOL DISTRICTS , 

Under a guaranteed tax baise plan such as that now in use in 
Michigan, a school district may be able to "buy" an additional dollar 
of educational expenditure for less than a dollar of locally raised 
revenue. In Michigan in 197 3/74, for example, the state guaranteed 
$38,000 of assessed value per student up to a school operating tax ^ 
rate of 22 mills."*" Consider a district with an assessed value (AV) 
less than $38,000 per student. In 19^3/^/i it faced an increasing block, 
price schedule such as that shpwn in Fig. 1. If , its deman,d for edu- 
cational expenditure were D^^, it would buy E^^ dollars per pupil.. Up 
to $836 (22 mills x $38 per mill), each addition^il dollar of E would 
cost it AV/38 of locally raised revenue, which the state would match 
with'^ r AV/38 of matching aid. That is, the PRICE of E to the^dis- 
trict is AV/38, ^ 

A district with a higher demand D^ would buy E^ dollars per pupil. 
Additional dollars would have to come entirely from local revenue, so 
PRICE equals 1. However, 'the state would match the first 22*AV dollars 
per pupil of local revenue with 22*(38-AV) dollars per pupil. This 
amount is a lump-sum transfer to the district that does not affect the 
PRICE of additional E. . 



"'"In X974/75, the corresponding values were $39,00b and 25 mills. 
In 1975/76, the state guaranteed $42 ,400 for the first 20 mills and^ 
$38,250 for the next 1 mills. 



• ( 



-4- 



\ 



Table 1 
List. OF VARIABLES 



See Note: 



Variable 


A 


B 


c 


D 


IT 


V 
A 


• • 






TIME 










DUM5 


' 






- 


GROWTH , 










STBLK» 


K 








STCAT 


X 








FEDCAT 


X 








CAT 


X 








PRICE 


X 


X 






AV 




X 






PUP/HHLD 






X 




RESIDENT 




X 


X 




DISTVAL 




% 


X 




OWNOCC 






X 




pa 




X 


X 





Brief Desctiptibn 



Dixaension 



PRIVATE 
POVERTY 
PROF 

MINOR 
URBi^ 
OLDER/' 
STABIL 



X 
X" 
X 
X 

X 
X 

« 

X 



+ 
+ 



operating expiendlture per pupil 
1 In first year, ,..5 In fifth year 
1 in fifth year; 0 othervlse 
Pupils this year/pupils last year 
Unrestricted state aid per pupil 
Categorical state aid per pupil 
^deral ^Id j^r pupil 
StBD of STCAT and FEDCAT 

Cost to district of oner^dollar addition to 
Assessed, value per pupilT" 
Pupils per household 

Proxy for residential fraction of totaiy 
assessed value 

Ratio of aedlan to nean valued of 
occupied housing 

Ratio of oyner-occupiecl^ to total dwelling 
junlts 

Ratio of Mdian value of ovner*-occu^l«d 
housing to AV p 

Median houscrtibld income 

K-12 private achoi^l pupils per cai^ita 

Fraction of faxoilies in poverty 

Fraction of employed persons 16 /or older 
in professional, technical, or Jiindred 
occupations 

Monvhite fraction of populatio 
Urban fraction of population 
Fraction of population 55 or /older 
Fraction of pop^lation 5 or iblder still in 



oigierA 



sllars per pupil 
rears 

/Dlmensionleos ^ 
Qimensibniess 
pbllars per pupil 
Dollars per pupil 
Dollars per pupil ^ 
Dollars,^ per pupil 
DoUara pe^ 4pllar^ 
$1000 per pupil * 

Pupila per household 

■J . ■ » 
Dlmens^onless ^ 

Djjoensionless 

Dlmensiofi^ess 

$1'000/$1000 
Dollars per year 
Pupils per capita 
DlDensionles^ 

DlDeitsionless - 
Dlmensionless 
Dimensionless 
Dinens^toi^less 





same house as 5 years a^o t 


Dlmensionless 




POPULAT 


X 4- Population / 


Persons 


* 


Notes: A 
B 

Q C 
D 


• policy variable. j * 

« component of price to representative household. 

• Ceofsus variables fixed year to /year at 1970 values. 

• expected sign. 


y 


« 
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What about districts whose demand curves, /Tike D2 in Fig. 1, 
pass through the gap in th^ price schedule? Wo^an recognize them 
because their tax rate for school operation ("operating millage,'' or j 
OM) will exactly equal the limit for state matching aid. Strictly 
speaking, their PRICE is in^ terminate'. One more dollar of E would 
cost them a full dollar of local revenues; one less would save them 
only AV/38^J^The^PRICE that we would like to use in e^stimating the 
demand curve falls somewhere In between, and in principle should be 
estimated simultaneously with the coefficients of the demand curve. 
For now, we treat districts like districjts, setting PRICE equal 
to AV/GTB. In the estimation section, we find that our* conclusions 
are not affected if instead we .exclude them from the sample. 

A possible econome trie \ problem is the endogeneity of PRICE. 

\ i 

Because a positive random errb^i;; can push a district to a higher block 
of the price schedule, PRICE will be positively correlated with the 
error term. Thus the estimated coeffipient of PRICE will be biased 
in a positive direction; coefficients of other variables can be either 
positively or negatively biased. We check^ on the importance of the 
bias in the estimation section and find that it is too small to affect 
our conclusions. * ' 

Districts with an AV greater than or equal to GTB receive no 
matching aid; for them, PRICE equals 1 for all values of E. Also, 
for 1971/72 and 1972/73, when the foundation plan was in effect, 
PRICE equals 1 for all districts. Finally transitional guarantees 
based on 1972/73 revenues were effective for some districts in the 
first GTB year, 1973/74; PRICE in 1973/74 equals 1 for these districts. 

Table 2 shows the number of districts where PRICE is less than 1 
in each year. It appears that the variation of PRICE over.^ime an^ 
across districts should be sufficient to support estimates of the 
effect of PRICE on expenditure. 
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Table 2 










NUMBERS OF DISTRICTS 


IN VARIOUS PRICE 


CATEGORIES 












Cphnol Yp^it" 






Category 

. , k 


1 Q71 111 








1975/76 


PRICE less than 1 ' 


0 


0 


114 


230 


284 


PRICE indeterminant 

yv^ii CLjUClXo XXUIXU lUI. IlldLL. IIXIIH dxCl/ 


p 


0 . 


LO 


A 1 




PRICE equals 1 

(Under foundation plan) 


451 


451 


.0 


0 


0 


(Transitional guarantees) 


0 


0 


37 


- 0 


^ 0 . 


(AV exceeds GtIb) 


0 


0 


24 


36 


57 


_^^^^M exceeds limit for matching aid)^' 


0 


0 


248 


144 


96 



The limit for matching aid was increased each'^ear as follows: 



Year Limit (mi lls) , 

1973/74 20 # 

1974/75 '25 ■ 

1975/76 27 . , ' ' 

A ■ . • • . ■ 
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PRICE TO THE REPRESENTATIVE HOUSEHOLD (P2 *PRICE) 

If school boards are respon)sive to pressures from residents 
their districts, then it is not only PRICE to the district that 
matter^, but also price to the households in the district. Price to 
the representative household, P^, will be greater or less than PRICE 
to the district as the household's assessed valuation (in $1000), V., 
is greater or less than AV: ' 



P^ = PRICE *(V^/AV) 
= PRICE . 



This is algebraically equivalent to 



P^ = PRICE *(VjAV) *(n/n) ^(N/N) *(V^/V^) 

I 

= PRICE *(N/n) *(V^/V) *(V^/(V^/n)) , j 

i 

where N is the number of students, 

n is the number of households, 
V is' the total as&e&sed valuation (=AV *N) , j 
V^* is the assesses valuation of residential property. 

If we take the representative household to be the Q.ne in the median- 
valued, owner-occupied house, all the terms in this expression are 
variables defined in Table- 1; 

P^ = PRICE *PUP/HHLD ^RESIDENT *DISTVAL . 

If. the individual components of P^ affect demand only through 

their effect on P , all the terms in this exp?ression should enter the 

i ■ ^ 

demand equation with the same exponent. This may be too restrictive, 
hefwever, in light of the fact that some of the terms may pick up taste 
or wealth effects on deH^and in addition to pure* price effects. Conse- 
quently, we began W:f.th an unrestrictive specification that allowed 
separate exponents on the different components of P^ and tested 



is 



various restrictions on the exponents. The conclusion was that PRICE, 
P2, and AV should enter the equation separately, but that further dis- 
aggregation is not compelled by the data.''' 



STATE AND FEDERAL AID (STOLK, STCAT, FEDCAT, AND DUM5) 

STBLK is unrestricted state aid to the district exclusive of - ^ 
marginal matching aid; STCAT is» categorical i state aid; FEDCAT is 
federal aid. All three are' measured ItH per-pupil terms- ^ 
We can distinguish several forms of state aid: 

1. Marginal matching grants under a GTB plan to districts with 
AV less^ than GTB .and, OM less -than the matching limit. 

2. Inf ramarginal matching aid under a GTB plan to districts 

at 

' with'^^AV less than GTB and OM greater than the patching 
limit. 

3. Unrestricted nonmatching aid under a transitional guarantee % 
in 1973/74. 

4. Unrestricted nonmatching aid under a foundation plan in 
1971/72 and 1972/73. 

5. Categorical aid. 

The first item shows up as a lower PRICE to the district and is not 
counted again in STBLK.. We add together items 2 through 4 to get STBLK, 
The fifth item is STCAT. 

Like PRICE, STBLK is endogenous during the years with a GTB plan 
in effect; its coefficient will also be biased upward by positive 
correlation of STBLK with the error term. In the estimation section, 
we find that this bias is also too small to affect the conclusions. 

Michigan's state aid program was not fully funded in 1975/76. 
To make up the shortfall, each district was "taxed" 4 percent of the 
sum of its local revenues and state noncategorical aid. ^I^e "tax" 
was d^ucted from the state's noncategorical aid pa3nnenus "to the dis- 
trict*r\ If the "tax" exceeded those payments, the balance was deducted 



•^Park and Carroll (1979, pp. 14--16) 
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from the state's categorical aid paymentar to the district. The 
shortfall was not recognized until afte/ distrij^g had established 
their 1975/76 local property tax rates/ Thus, 1975/76 expenditures 
were planned in response to the aid program's parameters. However, 
the subsequent reductions in their revenues probably affected the 
observed values of E. Accordingly , /we used the aid program's param- 
eters to compute the 1975/76 value/ for PRICE, ST^LK; and STCAT (gross 
of the subsequent deductions) for teach district and introduced a dummy 
variable DUM5 , equal to 1 in 1975/76 and zero otherwise, to control 
for the effects of the tax on E. 



OTHER VARIABLES 

The other variables used in the analysis are self-explanatory. 
Many of them are calculated usSing 1970 census figures, and thus are 
fixed from year to year at 19/70 values. This dpes not introduce much . 
error for those that-change 6nly slowly over time — probably all except 
median household in9ome , Y,/and population, POPULAT. Even' Y and 
POPULAT cause no jproblems .tfa the extent that t/hey are uniformly 
trended over time 'for all districts, because/the ef f ect of the Lrend 
will be 'picked up by the t/eME variable. N^uniform changes in these 
variables across district^ will bias the Estimated coefficients be- 
cause of errors in variab/les problems. / 

Summary statistics -for alX variable/s are shown in Table 3. 



V 
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Table 3 
SUMMARY STATISTICS 



School Year 



1971/72 



1972/73 



1^73/74 



"T974775 ^ 



Variable Mean Std Dev 



Mean 



Std Dev 



Mean 



Std Dev 



Mean 



Std Dev 



Mean 



Std Dev 



Census 
Variable 



Mean Std Dev 



E 


791.21 


120.35 


863.94 


133.28 


957.53 


147.97 


1089.80 


167.76 


1197.40 


186.79 


P2 


.6007 


.5585 


GROWTH 






1.0073 


.0381 


1.0005 


.0416 


i.oopo 


.0370 


1.0013 


.0353 


PUP/HHLD 


.9342 


.2884 


STBLK 


343.58 


115.95 


364.01 


133.43 


252.92 


225.47 


134.47 


221.96 


102.83 


207.60 


RESIDENT 


.7101 


.6864 


STCAT 


44.83 


25.89 


55.14 


26.65 


71.60 


25.46 


75.50 


29.50 


64.28 


40.25 


DISTVAL 


.9003 


.0588 


FEDCAT 


' 31.04 


30.58 


34.88 


32.87 


36.07 


35.18 


45.14 


44.17 


57.52 


47.56 


Y 


8923 / 


2468 


CAT 


75.87 


45.80 


90.02 


49.87 


107.66 


51.48 


120.64 


61.99 


121.80 


74.00 


OWNOCC 


.B12& 


.0833 


PRICE 


• 1.000 


Q.O 


1.0000 


0.0 


.8241 . 


.2705 


.6976 


.2758 


.7039 


.2529 


PRIVATE 


.0230 


.0241 


AV 


16.863 


7.921 


18.507 


8.966 


20.351 


X0.587 


23.042 


12.839 


25.792 


14.850 


POVERTY 


.084^ 


.048r 


DUM5 


0.0 


.0.0 


0.0 


0-0 ^ 


0.0 


O'.O 


- 0.0 


0.0 


1.00 


0.0 


PROF 


.1158 


.0492 


TIME 


1.00 


0.0 


2.00 


0.0 


3.00 


0.0 


4.00 


0.0 


5,00 - 


0.0 


MINOR 


.0284 


*0761 
























URBAN 


.3541 


.3951 
























OLDER 


.1779 


.0558 
























STABIL 


.5745 


.0809 
























POPULAT 


17667 


72088 



NOTE: Census variables are fixed at t^elr 1970 values. 
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III. ESTIMATED EXPEMDITURE EQUATIONS 

6 

We pool the data for all five years for all 451 school distri^cts 
to estimate a series of expenditure equations. Ari variables except 
TIME, TIME**2, and DUM5 are in natural logarithms. 

We specify a model that allows for persistent district-specif * 
effect^, owing perhaps to the influence of stable unobserved variable^ 
6r unobservable taste differences. Our first estimates treat the dis-* 
trict effects as random errors in a variance components framework. 
Then random-effects (RE) estimates would be unbiased and efficient on ' 
the assumption that the district-specific errors are independent of 
the explanatory variables (together with other standard assumptions). 
We test and reject that assumption using a procedure proposed by 
Hausman (1978). Implicitly rejected by 'the same test are the single- 
year cross-sectional estimates reported in Park and Carroll (1979), 
If the district effects are correlated with the independent variables, 
unbiased estimates are still attainable by treating the district ef- 
fects, as fixed rather than random and using a fixed-effects (FE)^ esti- 
mator (Kiefer, 1980), The FE estimates differ very little from the ^ 
estimates. We also run additional FE estimates to check on the effect 
of the endogeneity" of PRICE and STBLK, and on the effect of our treat- 
. ment of districts whose demand curves pass through the gap in the price 
'schedule. None of the estimates change the basic conclusion that the 
effect of the GTB plan on expenditure in Michigan h^s been so small as 
to be of no policy significance. 

RANDOM-EFFECTS ESTIMATES 

In an earlier Rand report (1979), we calculated RE estimates based 
on two commonly specified, er^or istructures: ' 

V. = w. + e . . (VARCOMP) 
it 1 it 



and ' ' 



V, = = pu. . + e,^, (AUTOCOl^R) 
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where districts are indexed by i and years by t* In both cases, we 
assumed that the errors are uncorre taxed across districts, so that 
when observations . are arranged first by district and within district 
\>y time, the eirror covariance matrix has a block diagonal structure: 



V V 



A 



syiranetric 



(1) 



For VARgOMPp 

0 

\ 



A = 



1 

Y 
Y 
Y 
Y 



1 

Y 
Y 

Y 



symmetyric 

•■ ;i 

Y 1 ^ 

Y Y 1 



2/ 2 

W V 



and for AUTOCORR, 



A = 



1 

P 



s^^fmmetric 



2^ 

P P 



Upon further investigation, it is apparent that the true error 
structure is "between" the VARCOMP and AUTOCORR specifications in 
the following sense. If we use the coefficients b estimated using 
e>e*^€r model to calculate residuals v = [v^^ ... ^^3]^] = y - Xb 
(where v^ is a 5~vector of yearly residuals for district i)p and then 
estimate the diagonal blocks of the error covariance matrix as 
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A = E. V. V. (normalized so that tr(A) = sj , 

« X X X 



(2) 



we find that tl^e elements of A decrease away from the diagonal (con- 
trary to the VARCOMP assumption), but that they do not decrease as 
rapidly as the AUTOCORR assumptidn implies. We are thus led to specify 
a mixture of the two error structures, first used by Lillard and Willis 
^ (1978): 



/ 



.^it = ^i ^ "it 

= ^i p"l,t-l +\t ' 



(MIXED) 



with corresponding diagonal blocks of the, error covariance matrix 



A. = 



symmetric 



Y+p(l-X) 

y+p^(i-y) 

3 

Y+p Cfcry) 



y+p(i-y) 



Y+p (1-y) W+p(1-y) 

3 2* 
Y+P (1-y) Y+P (1-y) 



Y+P ( 1-Y ) 



(3) ^ 



We estimate the MIXED model as follows: 



-1. 



1. Calculate ordinary-least-squares estimates b = (X'X) X'y. 

2. Calculate residuals v = y = Xb, \^ 

3. Calculate A according to Eq. (2). 

4. Find R such that R'R = V^"*", and calculate transformed 
variables y* =» Ry and X* = RX, » 

5. Calculate .generalized-least-squares estimates^ 

-1 ^ 

b = (X*'X*) X*'y^. 

6. Iterate on steps 2 through 5 until the elements of A 
change by less than *0,01 from one step to the next. 
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7; Calculate p and y by maximimi likelihood, using Jbreskog 
and Sorbom's LISREL program (1978) to fit Eq. (3) to . 
. . Eq. (2).-^ • 

8. Use p and y ±n ^c[. (3) to calculate A. 

9, Do steps 4 and 5 to calculate the final value for i>j^* 

The resulting estimftes are shown in Table 4 under the heading 
"Random Ef fects." v Of ^particular inter(^t ar^ the estimates of the 
effects of*^PRICE and ^TBLK^ These effects arie much smaller than 
those 'estimated^ by Feldstein and Ladd.^ The effect of STBLK is statis- 
tically different ftom zero, but 4>oth effects are so small that for 
practical purposes they might as' well be zero^ 

SPECIFICA TION TEST • , 

— s ^ • ■ 

^ Maddala (1971, p. 357) was apparently the first to point ^ut 
that random-effects. "estimates using pooled data are biased, and incon- 
sistent if the ii\dividual effects aire not Independent of the explana- 
tory variables. Hausman (1978) has recently proposed a test of the 
assumption that E(w^|x^) =0. 



See Lillard and Weiss (1979 ,^fn. 3, p, 441) for details; out 
estimates use their "alternative" procedure. Comparison of the direct 
estimate of the diagonal blocks of the error covariance matrix 





.980 






symmetric 




.865 


.959 


.'987 




A = 


.805 








.745 


.800 


.870 


.979 




.745 


.799 


.848 


.911 1.096 



with the fwo -parameter fitted estimate 



A = 



1 

.888 
.J14 
..766 
. 7 34 



1 

.888 
.814 
.766 



1 

.888 
.814 



1 

.888 



^ggests that thfe MIXED model iiescribes th^ error structure quite well. 
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Table 4 

ESTIMATED EXPENDITURE EOfATIONS 



Fixed Effects 



Random 



• Variable Effects (1) (2) (3) U) (S) 



CONSTANT 5.578 
•(23.3) 

TIME .043 .045 • .037 .037 .012 .032 

(9.8) (10.4) (7.0) , (6.8) (1.4) ^ (5.6) 

TIME**2 .011 ,011 ,012 .012 ' .016 .013 

(13.3) (13.2) (12.8) (12.4) 'Hl-h) (12-3) 

DUM5 -.059 -.060 -.065 ' -.060 -.063 -.069 

(11.5) (11.7) (13.2)^ (12.4) . (13.8) (13.0) 

GROWTH -.338 -.340 -.365 -.366 -.37 3 -.377 

(11.6) (11.5) . (11.6) (11.6) (11.9 (11.0)" 

STBLK .002 .002 .002 .001 .002 ' .002 

(2.5) (2.7) y.8) (1.5) '(1.31 (2.3) 

STCAT .018 .014 .01^ .012 .012 , .010 

(6.8) (5.3) * (4.2) (4.2) (4.1) (3.3) 

FEDCAT .018 .015 .016 .016 .017 .016 

(8.0) (6.5) (6.6) (6.8) (7.1) (6.0) 

PRICE -.001 -.004 -.005 -.007 ^ -.018 -.005 

ft. 3) (0.7) (1.0) (1.3) ^ (3.6), (0.9) 

SEV .053 .036 .039 .038 X .050 .056 

(4.5) (2.7) (^.9) (2.8) (3.5) (3.1) 

OWNOCC -.181 ~ i- ~ — 

(3.6) * > 

P2 -.068 — — — ^ 

(4.1) 

Y .071 — r- 

PRIVATE -.048 
(0.2) 

POVERTY -.045 — 

(2.8) 

PROF ' .046 ~ — 

(2.9) 

MINOR .485 ?- 

(5.9) 

URBAN .117 

(4.8) * 

OLDER -.016 
(0.8) 

STAB It .012 ~ — — — — 

(0.3) 

POPULAT, -.002 — — — 

(0.3) 

p .655 .655*^ — ' 

(14.3) 

Y * .674^ 



NOTES: Dependent variably Is the log|arlthni of operating expenditures per 
pupil. All Independent variables except TIME, TIME**2, and DUM5 are* in nat- 
ural logarithnus. Estimated t-statistics ^are in parentheses^. The t-stacistics 
for the fixed-effects estimates are corrected as necessary to acccunt for 
degreed of freedom used to implicitly estimate district-specific effects. ' 
The five separate fixed-effects estimates differ as follows: 

(1) Estimated using Kiefer*s procedure assuming a known intertemporal 
covariance matrix. 

(2) Estimated using Kiefer's procedure for an unknown intertemporal co- 
variance matrix, as are (3) through (5). 

v(3) Two-stage estimates using PfllCE and STBLK implied by a first-stage re- 
gression of tax rate OM on independent variables. ' 

(4) PRICE and STBtK are exogenously given/as the minimum and maximilp 

values, respectively » attainable by the district under the CTB plan in 
effect each year. 

(3) tike (2), except excludes districts whose demand curves pass through 
the gap in the PRICE schedule during at least one CTB year. 

•t 222'*'''''* 
Estimated Indirectly as o /(c + o > ■ c^/ic" + :^*/(l-: **)), based on 
2 WW u 2 ^ * 

direct estimates of - .00577 (10.7) and o - .00159 (22.2), t-statistics 

in parentheses. 

^Assumed equal Co o estimated in random effects model. 3 



. Hausn^an's test compares b__ with an alternative estimate that is 

consistent whether or not the null hypothesis H^:E(v^.|X^) = 0 is true* 

If the two estimates are significantly different, the null hypothesis 

is rejected. The alternative e&timator in our ca^ is a fixed-effects^ 

estimator, which treats the 'individual effects w. in the MIXED error 

V . ^ 
structure as fixed rather than random. If u^^ were not autocorrelated, 

the FE estimator would be ordinary least squares on variables trans- 

formed to deviations from district means: 



y* = My and X* = MX, 



where 



M = I™ -ZiZ'tf^ Z» 
NT 

!•' / 

and. \ . - ^ 

Z = I„ (5?) (Irr, is a column vector of ones). 
N v-' T T 

Then « 

However, as Kiefer (1980, p. 196) points out, when the u^^ are 
correlated over time, the correct transformation depends on their co- 
variance matrix. Specifically, the FE transformation is then 



y* == BFy and X* = BFX , 



\ 



where 



B = I„^ - FZ(Z'F'FZ)""'" Z'F , 

NT 



and in our case 



F = In® 





0 


0 


0 


0 


-p 


1 


0 


0 


0 


0 


-p 


I 


0 


0 


0 


0 


-p 




0 


- 0. 


0 


0 


-p' 


1 



For the specification test, we substitute p = .655 (from the RE 
estimate) in F, and calculate " , * 



r Ej 



the results of which are shown in fixed-effects column (1) in Table 4. 
Although there is little apparent difference between and b.^^, the 

difference is statistically significant. 

The Regression form of Hausman's test compares the random-effects 
transformed regression with the following auxiliary regression: 
y transformed for a random-effects estimate regressed on both X trans- 
formed for a random-effects estimate and X transformed for a fixed- . - 
effects estimate. If the additional variance explained by adding the 
fixed-effects transformed X is significant, the hypothesis that 
E(w^|x_j^) = 0 must be rej^iited. In our case, the additional variance 
is significant at beyond the .01 level (Fg ^225 3.30). „ Thus 
must reject the RE estimates."^ 



we 



^e ran into a problem when we attempted to apply the matijix 
form of Hausman's test. The matrix form of the test is, based dn 
a direct comparison of b^ and b^. The test statistic is ' 



-1 



where Q(')' are the coefficient covariance matrixes estimated in 
the transformed regressions. After correcting nCbp^) ^^e 
degrees of freedom implicitly used to estimate 451 district-spe 
effects, ^2(bpE) and ^^(b^g) are, in our case, very close together. 
In fact., the" estimated covariance matrix P-CbpE) - ^^-(bRE) is not 
positive definite, so the test statistic m is meaningless. 



cific 
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ih^^ausvdan points out, ^Is/test 'implicitly rejects cross-sectional 



For if E(w^|X^) is not equal tfo zero, then neither- 



eatiniafcJls as well 

m . 

is E(wiJ+ u. |X.), and so cross-sectional estimates are biased. ,In 

■ ^ fl It 1 • . . y , - _ - ■ ^ 

particjtflar ; the cross-sectional estimates reported in Park and CarrolT 
(1979)|:^inust be rejected. (They showed PRICE elasticities of up to 
-.2^, njqch larger than those estimated with pooled data, but still 
smaller than Feldstein's and Lkdd's (cross^-sectional) estimates.) 



FIXED>^EFFECTS E 



TES 



The FE estimate used in the specification test assumed that tlie 
intertemporal covariance matrix F is, known, with p equal to the. value 
estimaited in the RE'model. Now that we have ^rejected the RE mqdel, we 
must treat the intertemporal covariance matrix as unknown. Kiefer 
(1980, p. 198) describes a consistent FE estimator when the intertein- 
porstl covariance matrix is unknown: 



where 



S - 



s;^ 0 



0 0 



A. 



with obtained from S by deleting the first row and column, where 



s = N-^ ^ M^(y. - Wsm^iy, - xAspv>'^i ' 

with " ' 



26 



1 



We use this estimator for the remaining FE estimates in Table 4, 
columns (2) through (5) . The column (2) Estimate is for the same 
specification as column (1); treating the intertemporal covariance 
matrix as unknown has very little effect on the estimates. 

r 

Exogenous PRICE and STABLK o 
We estimated two equations with exogenous instruments for PRICE 
and STABLK to see whether Qur results are seriously affected by their 
endogeheity. The first is based on a two-stage procedure. In the 
first stage, we estimated equations to predict tax rate OM as a func- 
tion of exogenous variables during GTB years. The predicted value of 
OM implies predicted values for PRICE and STABLK, We used these 
predicted values instead of actual values to estimate fixed-effects 
Eq. (3) in Table 4. ^ 

In the second equation, we used values of PRICE and STABLK that 
are exogenously specified for each district by the GTB plan, namely, 
the minimum value of PRICE that ^he district could ever get (with a tax 
rate below the break in the PRICE schedule) and the maximum value of 
STBLK that it could get (with a tax rate above the break) . Both of 
these values depend only on the GTB plan and the district's assessed 
value per pupil AV. These results are in Table 4,' fixed-effects 
Eq. (4). 

Neither exogenous treatment of PRICE and STBLK disturbs the con- 
clusion that the effects of these two variables are too small to be 
useful for policy purposes. 

Excluding Districts with Indeterminate PRICE 

The final estimates check the effect of our treatment ^of districts 
x<7hose detnand curve passes through, the gap in the PRICE schedule 
(D^ districts in Fig. 1). We have assigned them their downvard- 
marginal PRICE in all regressions so far (that is, we have treated 
them like Dj^ districts). There are 79 districts with indetermi- 
nant PRICE in one or more GTB years. We simply omit them from the 
regression to obtain estimates of fixed-effects Eq. (5). Again, our 
conclusion about the small effect of PRICE and STBLK is not affected 
by omitting these districts. 
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DISCUSSION ^ * 

Feldstein's and Ladd's estimates for Massachusetts suggest that 
state matching and block grants substantially affect educational ex- 
penditures. The Michigan data, however, provide no support for thei^ 
conclusions. The differences between our results and theirs may par- 
tially reflect the econometric techniques we employed. Our cross- 
sectional regressions reported in (1979) are the closest we can come 
to replicating Felds^in's and Ladd's r^^ults."*" But our cross-sectional 
estimates are emphatically tejected by Hausman's specification test. 
Perhaps Feldstein's and Ladd's results, if similarly, tested, would be 
rejected as well. . ^ 

It may be that Michigan school district decJLsionmakers or voters, 
or both, simply do not .place suf f"lciejit value on educational expen- 
ditures. Even if school quality enters their preferences, they may base 
allocative decisions on some measure of quality that is poorly cor- 
related (at least in their minds) with educational expenditures. An 
immense volume of research has so far failed to establish a relation- 
ship between school spending and studejit. achievement . (See, for example, 
Averch et al. (1974).) Michigan's school districts may not have tried — 
or may not have succeeded when they did try — to convince the voters 
to the contrary. The ^'price" inherent in the GTB plan would then be 
irrelevant to their decisions. , 

Alternatively, school districts or voters may equate the "cost"^ 
of education with the local property tax rate. As Feldstein notes, 
the education community in general and the school finance community 
in particular have confused the school tax rate with the "price" of 
education. The GTB plan provides every district (below the match- 
ing ceiling) with identical marginal tradeoffs between local tax 



There we estimate an expenditure ^l^ticity with respect to 
state block grants of .36, very close to Ladd's estimate and reasonably 
close to Feldstein's. Estimated price elasticities, however, are no 
greater than -.2, less than one-fifth of Feldstein's comparable result 
and roughly one-third of Ladd's.- ^ 
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rates and expenditures. Those may not be the relevant tradeoffs, 
but they may be what actually motivate budgetary decisions in most 
districts. Th^re would then be no "price" response, because there 
would be no perceived "price" differences among districts. j 

Another possibility is that the lack of mechanisms for shifting^ 
local tax revenues among public agencies may dampen price response. 
The GTB plan may make education a "better buy** in one district than 
in another, relative to private and other public goods and services. 
In principle, other public agencies coe^^tensive with the former dis- 
trict (e.g., cities) should reduce their property tax rates while, 
the district increases its rate, the net result being a reallocation 
of funds from ^private and other public uses to the school. But what 
if the other public agencies do not 'reduce their local property tax . 
rates? Given "too much" spending in the noneducational public sector, 
the public x^jill opt for "too little" educational spending, at least 
in the short run. * - 

Finally, it should be noted that our data pertain to the first 
three years of Michigan's GTB plan. The Massachusetts data examined 
by Feldstein and by Ladd were for the fifth year of that state's plan. 
It is possible, of course, that Michigan districts will exhibit greater 
price responsiveness in the future. 

In sum, the Michigan data provide no evidence that<::^ate matching 
or block grants do much to stimulate school district expenditures. 
For whatever reason, school districts in Michigan have not (as yet) 
responded ap^eciably to changes in the implicit price of^school expen- 
ditures. - 
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